Purpose To identify prognostic factors affecting visual outcome in Acanthamoeba keratitis (AK) treated with topical chlorhexidine gluconate (CHG). Methods A total of 35 eyes in 34 patients with AK were treated with 0.02% topical CHG. Patients were divided into two groups according to the final visual outcome: Group 1, final visual acuity (VA) of 20/25 or greater (22 eyes); Group 2, less than 20/25 (13 eyes). We compared these groups and evaluated the effectiveness of topical CHG compared with outcomes in previous reports. Results Ring infiltrate was observed more often in Group 2 (4.5% vs 61.5%, OR 33.6, 95% confidence interval (CI) 3.4-333.9, Po0.01). The duration between onset and diagnosis of AK was significantly longer (24.9 days vs 48.4 days, OR 1.03, 95% CI 1.00-1.06, P ¼ 0.04) and VA at initial examination (log MAR) significantly lower (0.47 vs 1.59, OR 25.5, 95% CI 3.4-186.7, Po0.01) in Group 2 (visual outcome o20/25). Multivariate analysis revealed that only VA at initial examination was independently associated with worse visual outcome (adjusted OR 24.5, 95% CI 1.9-312.6, P ¼ 0.01). Seventeen (85.0%) of the 20 eyes diagnosed within 1 month and 24 (82.8%) of 29 eyes diagnosed within 2 months achieved a VA of 20/40 or greater. Conclusion VA at initial examination was the most predictive factors for final visual outcome in AK. Topical CHG was comparably effective to other treatments, including polyhexamethyl biguanide and propamidine isethionate.
Introduction
Despite being a relatively rare disease in comparison with other infectious keratitis, Acanthamoeba keratitis (AK) is a potentially blinding disease and has been reported in many countries. [1] [2] [3] [4] [5] However, specific treatment is not established, and there are some differences in the treatment between Western and Asian countries. In Japan, anti-fungal agents, corneal scraping, chlorhexidine gluconate (CHG), or some combination of these therapies are often used to treat AK. However, polyhexamethyl biguanide (PHMB) and propamidine isethionate are often used in Western countries. 1, 4, [6] [7] [8] Biguanides such as CHG and PHMB are the most effective cysticidal antiamoebics, and are currently used as a firstline treatment for AK. 9 Lim et al 10 compared the therapeutic outcomes for PHMB and CHG treatment and reported that, although the results were non-significant, 78% of eyes receiving PHMB and 86% of eyes receiving CHG were successfully treated.
In this study, we report therapeutic outcomes and prognostic factors for 35 Japanese patients with AK who were treated with topical CHG. As PHMB is not available in Japan, CHG was used in the present study as the main treatment agent.
Patients and methods

Subjects
We reviewed the medical records of patients who were diagnosed with AK between January 2001 and December 2009 at the Tokyo Dental College, Ichikawa General Hospital, Japan. All patients were treated according to the Hospital's standardised treatment protocol. The patients were divided into two groups based on the final visual outcome, defined as best corrected visual acuity (BCVA) at the time of the disappearance of conjunctival congestion or corneal oedema. In patients who underwent keratoplasty, the BCVA before surgery was measured as the final visual outcome, as follows: Group 1 consisted of patients with a final visual acuity (VA) of 20/25 or greater; Group 2 consisted of patients with a final VA of less than 20/25.
This study was conducted in accordance with the tenets of the Helsinki declaration and approval was obtained from ethics committees at our institution. All patients provided written informed consent for treatment with CHG.
Method of diagnosis
All patients underwent corneal scraping during the initial visit. A diagnosis of AK was based on the identification of positive Acanthamoeba cultures from a corneal scrape on non-nutrient agar with an Escherichia coli overlay, and/or typical clinical characteristics, including radial neuritis, ring infiltrate, and pseudodendritic lesions.
Treatment protocol
All patients were treated with wide mechanical epithelial debridement during the initial visit and hourly treatment with 0.02% topical CHG. Debridement was repeated according to clinical course. In 20 eyes, topical antifungal agents were applied hourly, including 0.1% miconazole nitrate (Florid-F, Mochida, Tokyo, Japan) in 13 eyes, 0.1% fluconazole (Diflucan, Pfizer Japan, Tokyo, Japan) in six eyes, and 0.1% micafungin sodium (Funguard, Astellas, Tokyo, Japan) in five eyes. In 25 patients, topical anti-bacterial agents were applied or continued, including 0.5% Levofloxacin (Cravit, Santen, Osaka, Japan) in 19 eyes, 0.3% Gatifloxacin (Gatifo, Senju, Osaka, Japan) in 2 eyes, 0.5% Moxifloxacin (Vigamox, Alcon Japan, Tokyo, Japan) in 2 eyes, 0.5% Cefmenoxime (Bestron, Senju) in 2 eyes, 0.3% Ofloxacin (Tarivid, Santen) in 1 eye, and 0.3% Tosufloxacin (Tosuflo, Nittomedic, Toyama, Japan) in 1 eye. Steroids and acyclovir ointment were discontinued if used by previous doctors. Topical CHG administration was tapered according to the clinical response, as indicated by a reduction in corneal oedema or conjunctival congestion.
Outcome measures
Parameters of interest included the duration between onset and diagnosis, diagnosis and treatment by previous doctors, BCVA upon initial examination, clinical findings upon initial examination, positive culture rate for Acanthamoeba, and final visual outcome. These factors were assessed and compared between Groups 1 and 2 to determine factors affecting final visual outcome in AK. We also evaluated effectiveness of treatment, including final visual outcome and rate of need for keratoplasty, and compared these with previous reports.
Statistical analysis
Statistically significant differences between the two groups were determined using a logistic regression. A P-value of o0.05 was considered statistically significant. Multivariate logistic regression analyses were performed for variables that were statistically significant in the univariate analyses. All statistical analyses were performed with SSRI software (SSRI, Tokyo, Japan).
Results
Demographic features
AK was diagnosed in 35 eyes of 34 patients. Only one patient showed bilateral involvement. The mean age was 29.4 ± 8.9 years (range, 16 to 49 years). The proportion of male patients (n ¼ 25) was greater than that of female patients (n ¼ 10). All patients were referred by local doctors and the mean duration between onset and diagnosis was 33.6±29.5 days (range, 1-131 days). All patients used contact lenses. Data regarding type of contact lens were available for all patients. Of these, 34 patients used soft contact lenses and one patient used hard lenses. Thirty-one patients used disposable contact lenses, 24 of which were used for two weeks at a time; the remainder were used for one day and disposed.
Clinical features
Microbiological confirmation of disease was present in 20 (57.1%) of the 35 eyes. The remainder were diagnosed based on clinical features, including radial neuritis (n ¼ 7), ring infiltrate (n ¼ 5), or pseudodendritic lesions (n ¼ 3). The presumed diagnosis upon referral was correct in only one case. The remaining 34 eyes had been misdiagnosed with herpes simplex virus keratitis (n ¼ 20), bacterial ulcer (n ¼ 11), keratoconjunctivitis of unknown origin (n ¼ 2), or uveitis (n ¼ 1). Before the diagnosis of AK, 16 eyes had been treated with corticosteroids, including topical administration in 13 eyes and systemic administration in two eyes. In addition, topical acyclovir ointment (n ¼ 19) and topical antibacterial agents (n ¼ 20) had been administered. At the initial visit, radial neuritis was observed in 17 The relationship between the base line characteristics, including prior treatment, culture positivity, and clinical features and initial VA was also evaluated with a regression analysis. As a result, the existence of ring infiltrate (Po0.01) and duration before diagnosis (Po0.01) were associated with initial VA.
Keratoplasty
Optical keratoplasty was performed in three eyes with a VA of less than 20/200. Penetrating keratoplasty (PKP) was performed in two eyes and deep anterior lamellar keratoplasty (DALK) in one eye. All were indicated to improve vision impaired by scarring. VA after keratoplasty was 20/20 in two eyes and 20/25 in one eye. Evolution from VA at presentation to final VA is shown in Table 1 . The microbiological cultures of the corneal buttons were negative and there was no evidence of infection in histopathological test.
Factors affecting final visual outcome
Differences were not observed because of age, gender, diagnosis and treatment by previous doctors, or culturepositive rates between the two groups ( Multivariate logistic regression analyses were performed for variables that were statistically significant in the univariate analyses, and only VA at initial examination remained significant (adjusted OR 24.5, 95% CI 1.9-312.6, P ¼ 0.01).
Side effects of CHG
No severe adverse reactions to CHG, such as toxicity, exacerbation of inflammation, oedema, chronic corneal ulcers, or opacification, were observed in any patient.
Discussion
Although previous studies have investigated the treatment of AK with CHG, 10, 11 we believe this study to be one of the largest studies to investigate visual outcomes in Asia. We treated all patients with topical CHG following a standardised protocol, which was different from similarly designed studies. Visual outcome in Japanese patients with Acanthamoeba keratitis K Yamazoe et al
In the present study, the presence of AK was confirmed through microbiological evidence in 57.1% of patients. This rate of positivity was similar to those in earlier reports. 1, 3, 6, 7 Herpes simplex virus keratitis was the most common misdiagnosis, 4 which may reflect the similarity between this disease and typical nonspecific findings early in the course of AK, including epithelial microabrasion, irregularities, pseudodendritic lesions, and subepithelial infiltrates. All patients used contact lenses, and the majority used soft disposable lenses. It has been previously reported that contact lens use is a major risk factor for AK. 1, 2, 4, 8 Although some reports have suggested that the use of daily-disposable lenses poses only a low risk of AK, 5 seven of the AK patients examined in our study used this type of lens. However, it is difficult to use our results to generalise the level of risk of AK as the usage of daily-type contact lenses differs greatly among countries. Nevertheless, it is notable that the use of daily-disposable contact lenses does not preclude the occurrence of Acanthamoeba infections.
Symptom duration before diagnosis and VA upon initial examination were strongly associated with the final visual outcome. Previous studies have suggested that an earlier diagnosis results in more favourable outcomes, 1, 3, 6, [13] [14] [15] and our results support this proposition. However, Tu et al 12 suggested that symptom duration was not a strong predictor of final visual outcome when compared with corneal disease stage at the initial visit. The authors also suggested that deep stromal involvement or the presence of a ring infiltrate at first visit was independently associated with poor visual outcomes. In our study, ring infiltrates were only observed in patients with poor visual outcome. The severity of disease at the initial visit, leading to poor VA at the initial examination, and the presence of a ring infiltrate were predictive factors for poor final visual outcome in AK. Although radial neuritis has been associated with good results in some studies, 4 no statistically significant difference was observed in our study. Radial neuritis was useful for diagnosis, but was not a reliable predictor of final visual outcome.
We compared visual outcomes in our study with outcomes achieved in other countries where a combination therapy of PHMB and propamidine isethionate was administered. Duguid et al 7 achieved a 6 carried out a recent 6-year review of AK among the population of New South Wales, Australia, and reported that 75% achieved a BCVA of 20/40 or greater. However, BCVA was determined after surgical intervention in seven cases in their study. Their mean interval to diagnosis was 26.6 days. In our study, a BCVA of 20/40 or greater was achieved in 77.1% of eyes. After keratoplasty, 85.7% achieved a BCVA of 20/40 or greater. Allowing for the fact that the durations of these two studies were shorter than the present study, our results could be considered comparable. In fact, 18 (90.0%) of 20 patients in whom a diagnosis was reached within 1 month and 26 (90.0%) of 29 patients in whom a diagnosis was reached within 2 months achieved a BCVA of 20/40 or greater after keratoplasty. In previous studies, wide mechanical epithelial debridement was reported to be effective due to the reduction of infectious organisms and improvement in topical drug penetration. 16 Debridement was performed upon the first visit for all of our patients and then repeated according to clinical course. Debridement was not performed, however, in the two earlier studies discussed above. Therefore, drug therapy combined with scraping may have improved the final BCVA. Although a simple comparison between our results and previous reports is difficult due to the different condition of patients, we thought that our results, including final visual outcome after adjustment for the duration before treatment and that no eyes required therapeutic keratoplasty could be comparable. In our study, additional antifungal agents did not affect the final visual outcome. Although further study will be necessary, treatment with only CHG might be as effective as combination treatment.
Keratoplasty was performed in three (8.6%) of the 35 patients in our study. In a study from Singapore, 15 (35.7%) of the 42 patients under study required corneal grafting, with 11 undergoing therapeutic DALK, two undergoing optical PKP, one undergoing optical DALK, and one undergoing therapeutic PKP. 5 In a study from England, 40 (16.5%) of 243 patients underwent surgery. 1 Illingwort et al 14 reported that PKP was performed in nine (39.1%) out of 23 eyes. In our study, the rate of patients requiring keratoplasty was lower and optical keratoplasty was performed in all three cases. Kitzmann et al 17 reported that optical keratoplasty performed after resolution of active keratitis was associated with an excellent prognosis for both graft survival and visual outcome. In our cases, a median VA of 20/23 was obtained after optical keratoplasty, which is comparable to results reported by Kitzmann One of the limitations of our study is that 15 of the 35 cases in this series were diagnosed clinically, in the face of a negative culture. Although the rate was similar to those discussed in previous reports, 1,3,6,7 fungal or bacterial infections were not completely excluded in culture negative patients as radial neuritis and ring infiltrates are not pathognomonic for AK, and antifungal or antibacterial medications could affect the results in these cases.
In conclusion, the most important factors affecting prognosis in AK were the involvement of stromal tissue and the interval between onset of symptoms and the start of effective therapy. Treatment with topical CHG seems to be as effective as combination therapy with PHMB and propamidine isethionate.
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